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UniNav: A Context-Aware Mobile Application 
for University Campus Maps 
 
ABSTRACT 
The smart phones we carry with us are becoming 
ubiquitous with everyday life and the sensing capabilities 
of these devices allow us to provide context-aware 
services. In this paper, we discuss the development of 
UniNav, a context-aware mobile application that delivers 
personalised campus maps for universities. The 
application utilises university students’ details to provide 
information and services that are relevant and important 
to them. It helps students to navigate within the campus 
and become familiar with their university environment 
quickly. A study was undertaken to evaluate the 
acceptability and usefulness of the campus map, as well 
as the impact on a users’ navigation efficiency by 
utilising the personal and environmental contexts. The 
result indicates the integration of personal and 
environmental contexts on digital maps can improve its 
usefulness and navigation efficiency. 
Author Keywords 
Mobile application, campus map, context-aware, 
university. 
INTRODUCTION 
The vision of ubiquitous computing is generally about 
having computing presence, embedded in our 
environment, always available and always with us. 
Currently, many mobile devices and smartphones are 
embedded with a rich set of sensors, such as 
accelerometer, GPS, digital compass, etc. The sensing 
capabilities on these devices provide the potential to 
enhance applications with useful services based on a 
users’ context. As a result, context-awareness has become 
a key factor for creating mobile applications. 
It is evident that to provide smarter services to users, we 
must take advantage of contextual information in a 
mobile environment (Abowd et al., 1997). According to 
Dey and Abowd (2000), the term context is defined as 
“any information that can be used to characterise the 
situation of an entity. An entity is a person, place or 
object that is considered relevant to the interaction 
between a user and an application, including the user and 
application themselves.” Understanding and using the 
context information around mobile users can provide 
useful services to the users (Du & Wang, 2008). 
However, Li et al. (2008) mention that not all context 
information can be easily obtained and used, such as a 
user’s emotion and interests.  
One of the most common context-aware applications is 
tour guide. Tour guides are considered a typical example 
of providing information based on where the user is, what 
she is looking at, and to predict and answer the questions 
they might have (Li, Jyri, Jian, & Kuifei, 2008). The 
same features could be used to assist users navigating 
places such as university campuses, trade shows, or 
national parks. In this paper, we have designed, 
implemented, and evaluated UniNav, a context-aware 
mobile application that delivers personalised campus 
maps for university students. This study explores the use 
of personal and environmental contexts and obtains 
feedback from the participants on the overall usefulness 
of personalised maps. The results show the impact of 
personal and environmental contexts on navigation 
efficiency, as well as overall experience with the campus 
map. 
RELATED WORK 
Dey and Mankoff (2005) discovered that an average of 
2.38 different types of context information were used in 
context-aware applications, which is a relatively limited 
range of that possible. A recent Tour-Guide app (Shi, 
Sun, Shen, Li, & Qu, 2010) used a user’s location and 
travel information to provide tourist information to them. 
Many researchers (Hong, Suh, & Kim, 2009; Li et al., 
2008) believe the key to produce high-level context 
information, is to combine low-level sensor information 
into one integrated meta-context. Schwinger et al. (2005) 
suggests a combination using more sensors would enable 
the application to react more appropriately to a user’s 
current situation.  
Tourist guide applications are designed to help visitors 
travel within an area or get more familiar with a new 
place. Findings in Schmidt-Belz’s study (2002) indicate 
the need to provide relevant location information to the 
users while they are on the move. ‘deSCribe’ is a context-
aware phone-based navigation app, which uses the photos 
taken by the camera on the phone to provide turn-by-turn 
directions from a user’s location (Kota et al., 2010). The 
technique of utilising the digital compass for sensing 
which direction a user is heading provided an intuitive 
way of presenting information to the users. 
As noted above, numerous studies focus on developing 
context awareness for mobile device applications. 
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However, the challenges of limited context usage, and 
what type of context information combined together 
could produce more meaningful information about the 
users, is yet to be resolved. This paper focuses on an 
exploration to extend the range of context usage with a 
user’s personal and environmental contexts. Our test 
application is university campus maps. Within the study, 
we also investigate the relative usefulness to a user of 
combining these contexts together for location navigation. 
CASE STUDY 
The focus of this study was to investigate the usefulness 
of context-aware maps that utilise contextual information 
from new university students; helping them navigate 
around the campus, locate buildings that are relevant to 
them easily, and to become familiar with the university 
environment quickly. University orientation is the key 
event for delivering information to the new incoming 
students about the university services and environment 
that are relevant to them.  
Based on two University administered student orientation 
surveys, a questionnaire and a focus group with 
university engagement staff, it was evident that new 
students often feel lost. It is not easy for them to become 
familiar with the university buildings and resources, in 
particular the location of important buildings such as the 
library, the administration centre or their faculty building. 
Not surprisingly, students found it difficult to find 
buildings that were relevant to them, and it typically took 
them a long time to navigate within the university 
campus. At the subsequent focus group discussion, it was 
decided that a mobile application would have the 
potential to address these problems, as well as providing 
an opportunity to explore how different contexts could be 
utilised and combined to help a student settle into their 
university life. For this case study, we aimed to test the 
hypotheses that the personal and environmental context 
of a user has an effect on the usefulness of the map in a 
mobile application for new university students. 
The mobile application was designed on the iOS 
platform, in particularly for Apple’s iPhones and iPod 
Touches as the survey data gathered in the preliminary 
research showed iOS devices were used by the majority 
of students at the university (46%). The first beta 
prototype was tested with 7 individuals from various 
faculty backgrounds, and the feedback was used to inform 
the design of the proposed context-aware mobile 
application. 
APPLICATION DESIGN 
The application serves as a digital campus map, providing 
information on university buildings, services, 
transportation, food courts and social places as students 
navigate through the university campus. Two university 
campuses were selected to test, so as to help eliminate 
bias of the campus environment. 
Standard VS Personalised Map 
To test the hypothesis, we created two versions of 
UniNav to compare: 1) Standard Map and 2) 
Personalised Map. These two versions served the same 
purpose of helping students navigate through the campus 
and become familiar with the university environment. 
• ‘Standard Map’ provides a digital map with all the 
campus buildings on their mobile devices. It also shows 
a user’s current location on the map as they navigate 
around the campus (See Figure 1 left). 
• ‘Personalised Map’ has an additional feature on top of 
the Standard Map. It filters the buildings on the map 
utilising a student’s profile information, such as their 
faculty (e.g. business, education, etc.), type of student 
(i.e. domestic or international), and type of buildings 
(e.g. social, travel, eat, see or shop) that they are 
interested in. As a result, the mobile application 
displays a personalised campus map of the places that 
are important and relevant to the students (See Figure 1 
right). 
 
Figure 1. Standard Map (left), Personalised Map (right). 
Components of UniNav 
The application consists of three components: a map 
component, filter component, and assistance component. 
The map component contains a digital map that displays a 
user’s current location and the buildings within the 
university campus. A user’s location is represented as a 
blue dot, and buildings are represented as square pins on 
the map. Users are able to scroll, zoom, centre and rotate 
the map based on the device orientation. When launched, 
the application automatically displays the nearest 
university campus to the user’s location.  
The filter component provides information on each 
building located on the map, the name of the building, 
and the services within the building. Moreover, users are 
able to change what they want to see on the map by 
changing the filter options. The filter options in Standard 
Map and Personalised Map are designed differently. 
Standard Map provides the option of buildings, places of 
interest, bus stops, Wi-Fi Access Points, and Automated 
Teller Machine. The filter options in Personalised Map 
are faculty buildings, essential services (e.g. libraries and 
IT Helpdesk), social places (e.g. guild bar and theatres), 
place for travel (e.g. train stations and bus stops), places 
to eat (e.g. food courts and cafes), places to see, and 
places to shop (e.g. bookshop and shopping centre).  
The assistance component is a feature that provides 
recommendations based on a user’s personal and 
university environment information. For personal context, 
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a student’s faculty and type (e.g. domestic or 
international) are used to pinpoint their faculty buildings 
and the essential services that are relevant to them. For 
environmental context, a building’s type, services 
provided and location are used. Additionally, this 
component removes buildings that are not important to 
the students from the map. Student’s faculty buildings are 
marked as red and essential services are marked as green. 
Ultimately this data would be gathered automatically 
from university services, however for the prototype the 
researcher entered it. 
Missions 
In order to compare the two applications, a set of 
missions were designed and users asked to complete each 
mission as part of the study. To complete each mission, 
the users were required to navigate to specific places 
within the campus by using either the standard or the 
personalised map. Once they located the nominated 
destination, their location was GPS-validated using the 
check-in feature of the application.  
These missions were based on likely student navigation 
scenarios. Mission 1 involved finding the student’s 
faculty building. Both Mission 2 and Mission 3 were 
campus specific; each involving four places for students 
to check-in (e.g., library, student center, university 
bookshop and IT Helpdesk). When a student undertook a 
mission, the time and GPS coordinates were recorded to 
determine how fast and how far they travelled to reach 
the destination location. To normalise the data, all the 
missions started at the same location, and users were only 
allowed to undertake one mission at a time. 
ORIENTATION STUDY 
Participants 
Twenty-one new university students were recruited (14 
males, 7 females, 17 to 45 years old) to trial the UniNav 
mobile application during the university’s orientation 
week. Students were recruited via emails and a news 
article posted on the university’s website. To minimise 
the possible bias from students who might already be 
familiar with the university, participants had to be first-
year students. A second criterion was that they are 
experienced using mobile devices (such as iPhone, or 
iPod Touches) to eliminate the potential novelty factor of 
using smartphones. Participants received two movie 
tickets upon on the completion of the missions. 
The participants started their study in one of three 
different university faculties, Business, Science and 
Technology, and Built Environment and Engineering. 19 
participants had visited the university campus less than 
five times, and 8 of them had visited only once, or never.  
Study Procedure 
All participants were met individually on the university 
campus, and each of them was randomly given either the 
standard or personalised version of the mobile 
application. After the mobile application was installed 
onto their iOS devices via a web link, the participants 
were given an overview of how to use the application. 
The participants then were told to use the application 
during the university orientation, and return when the 
required missions were completed. Mission data was 
recorded locally on the mobile device, and sent to the 
researchers for further analysis. Finally, the participants 
were asked to complete a questionnaire with twenty-four 
5-point Likert scaled questions and five open-ended 
questions. The questionnaire consisted of four sections: 
Participant Information, Mobile Application Usage, 
Campus Map Experience, and Future Improvement and 
feedback. A total of twenty-one questionnaires were 
completed from both standard and personalised groups, 
however only seventeen sets of mission data were 
captured successfully due to technical issues that occurred 
on a few participant’s mobile devices. 
FINDINGS 
Application Usage 
According to the questionnaire, the majority of the 
participants reported the application was overall useful to 
them (90%) and felt the application has made them travel 
easier within the university campus (95%). 17 out of 21 
indicated the application added value to their orientation 
experience, and more than half (14) of the participants 
felt the application would benefit other students at the 
university. 16 out of 21 participants mentioned the 
application has helped them settling into the university. 
However, eight claimed that their GPS location 
sometimes was inaccurately represented while they were 
navigating around the campus. This issue occurred 
especially when users were inside a building, or lost their 
Wi-Fi connection when using their iPod Touches. 
Map Usage 
14 out of 21 participants felt the campus map was the 
most useful part of the application. All the participants 
who used the Personalised Map reported that having 
colour-marked buildings were useful. In particular, the 
majority (92%) appreciated highlighting their “Faculty 
building”, and other “Essential services”.  All the users of 
the Personalised Map also reported that removing 
irrelevant buildings was useful. Only one who used the 
Standard Map believed removing the irrelevant buildings 
from the map was not required. 
Filter Usage 
All the participants found that having an option to choose 
what to show on the map was useful. 19 out of 21 
participants pointed out the filter feature helped them find 
a building faster. Moreover, the majority of the 
participants with the Personalised Map (92%) used the 
filter feature to help them locate a building while on a 
mission; while less than half of the participants (44%) 
with the Standard Map used it. In addition, most 
Personalised Map users (83%) used the filter feature more 
than 3 times, compared to 44% of Standard Map users. 
All the participants who used the Standard Map indicated 
“Buildings” was the most useful information on the map 
for them. All the participants who used Personalised Map 
indicated the option of showing their “faculty building” 
was the most useful on the map and most of them (92%) 
also found other filtering options useful, such as essential 
services, places to see, travel, social, shop and eat. All the 
participants who used the Standard Map thought having 
those features would be useful.  
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Assistance Usage 
According to the participants using the Personalised Map, 
the assistance function helped them to find their faculty 
building (all 12 people) and the buildings that were 
interested in them (11 out of 12) easily. However, only 5 
out of 9 participants using the Standard Map mentioned 
the help of the assistance. 
Mission Results 
Participants who used the Personalised Map completed 
Mission 1 an average of 1 minute and 54 seconds faster 
than those who used the Standard Map (completed in 
5:44). In Mission 2, participants who used the 
Personalised Map completed 3 out of 4 tasks faster than 
the participants who used the Standard Map (See Figure 
2). Particularly, the participants who used Standard Map 
took 12 minutes longer to find the university bookshop 
than the one who used Personalised Map (completed in 
5:52). In Mission 3, all the participants who used the 
Personalised Map took less time to find the building 
locations than Standard Map group. 
 
Figure 2. Average completion time for Mission 2 (17 
participants). 
DISCUSSION 
The overall results indicate that Personalised maps were 
more useful for university students than the Standard 
Map. Additionally, the missions results proved that 
personalised version of the campus map has helped them 
navigate easier within campus, and enhanced their 
university orientation experience. 
Usefulness of Campus Map 
By utilising a user’s personal and building information, 
we were able to highlight buildings that were relevant to 
the users and remove buildings that are irrelevant to the 
users from the map. The participants who used the 
Personalised Map mentioned it was very easy to find their 
faculty buildings and other services that are important to 
them. Furthermore, removing irrelevant buildings from 
the map has helped students become more familiar with 
the campus environment faster. Therefore indicating an 
increase in the usefulness of the campus map. 
Navigation Efficiency 
Three missions were designed and executed to evaluate 
the users’ efficiency on locating places within the 
university campus. On average participants who used the 
Personalised Map completed all three missions faster than 
the participants who used Standard Map. This provides 
evidence that utilising both personal and environmental 
context has a positive impact on navigation efficiency. 
We can emphasise this point on one of the tasks in 
Mission 2, which involved locating the university 
bookshop. The bookshop was relatively hard to find as it 
was located at the far end corner from the campus 
entrance, and new students would have not known or 
walked past this place before. Participants who used the 
Standard Map took more than triple the time than the 
Personalised Map users.  
Sensing Potentials 
The sensing capabilities on mobile phones have the 
potential to monitor user’s activities, profile information 
and preferences. This information can be captured using 
physical sensors (GPS, microphone, or compass) or 
virtual sensors (calendars, social network profile) and be 
utilised to support context-aware systems. For this study, 
time, location and user’s profile and preferences were 
used to personalise maps. By integrating information such 
as Wi-Fi access points, calendars, social network check-
ins captured by other mobile sensors, it has the potential 
of gathering more valuable information towards to user’s 
context. However, we have yet explored the possibility of 
these mobile sensors. There are still challenges with these 
sensor technologies that have yet been addressed. For 
example, we’ve discovered the raw data captured by GPS 
on the mobile is not always accurate, especially when tall 
buildings are nearby or they’re indoors. It also cannot 
represent which floor user is on when they are indoor. 
There are also other issues with battery consumption of 
sensing and limited processing power on mobile devices. 
The overall results indicate that utilising multiple mobile 
sensors to gather context information about the users, and 
the combination of environmental and personal context 
has a greater impact on improving context-aware of 
mobile applications in this context. 
CONCLUSIONS AND FUTURE WORK 
This pilot study describes how context-awareness has an 
impact on the usefulness of a campus map mobile 
application that utilises personal and environmental 
contexts, and reports on the results from a university 
orientation case study. Results show that integrating 
personal and environmental contexts on digital maps can 
improve map usefulness and navigation efficiency. Future 
work will look into expanding the application with 
personalised campus tours, adding extra sensor data such 
as Wi-Fi hotspots or Bluetooth connectivity, as well as 
testing the application in indoor environments. We will 
also experiment the application in different types of 
locations, such as hospitals and shopping malls. 
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